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LIQUID CRYSTAL DISPLAY APPARATUS HAVING FLEXIBLE SUBSTRATE 



BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

This invention relates to a liquid crystal display- 
apparatus having a flexible substrate. 

2. DESCRIPTION OF THE RELATED ART 

A liquid crystal display apparatus that consumes 
minimal power has been used currently as a display unit for 
portable electronic apparatuses such as portable 
information terminals or cellular phones. In particular, 
reflection type liquid crystal apparatuses are used for most 
products as abacklightis not necessary, resulting inminimal 
power consumpt ionand increased battery life. 

Meanwhile, , a liquid crystal display apparatus that 
employs a resin film substrate instead of a conventional 
glass substrate has been developed to answer the 
ever- increasing need for further miniaturization and weight 
decrease of the electronic apparatus. 

One example of a reflection type liquid crystal 
display apparatus having a film substrate as described 
hereinabove will be described briefly with reference to FIG . 

3. FIG. 3 is a diagram showing a partial cross- sectional 
view of a liquid crystal display apparatus having a 
conventional configuration. In FIG. 3, the liquid crystal 
display apparatus 100 comprises a first film substrate 110 
and a second film substrate 120, which face each other, and 



1 



a liquid crystal layer 130 that is sealed between the two 
film substrates 110 and 120. 

A laminated structure of an electrode layer 115 
consisting of transparent conductive film such as ITO 
(indium-tin oxide) operates liquid crystal molecules of the 
liquid crystal layer 130 and an orientation film 116 controls 
the orientation of liquid crystal molecules are formed on 
the liquid crystal layer side of the first film substrate 
110 . Another laminated structure of an electrode layer 125 
and orientation film 126 are formed on the liquid crystal 
layer side of the second film substrate 120. Furthermore, 
a reflection plate 128 is provided on the opposite side of 
the second film substrate 120 (the outer face side of the 
second film substrate 120) , . 

Furthermore, a reflector 140 having one surface on 
which a reflection film 141 of aluminum is formed on the 
outer face side of the first film substrate 110. An adhesive 
142 is formed between the reflection film 141 and the 
substrate 110 . 

The liquid crystal display apparatus 100 having the 
above-mentioned configuration has been used as a reflection 
type liquid crystal display apparatus in which solar energy 
or other external illumination is used as the light source. 
Light incident from the outside of the second substrate 120 
is reflected on the reflection film 141 and used for 
displaying . 

Furthermore, because a film substrate that is thinner 
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than a conventional glass substrate is used as the substrate , 
it is possible to make an electronic apparatus having the 
above-mentioned liquid crystal display apparatus thin, and 
parallax is suppressed to bring about a high quality display. 

However, according to the configuration of the liquid 
crystal display apparatus 100, because the exterior type 
reflector 140 reflects the incident light , the light incident 
from the second substrate 120 side to the liquid crystal 
display apparatus 100 passes through the two substrates 110 
and 120 and a reflection plate 128 inevitably before the 
light reaches the reflection film 141 of the reflector 140. 
As the result, the light transmission loss is large, and 
the brightness of the display is insufficient. 

Furthermore, because the liquid crystal display 
apparatus 100 comprising the above-mentioned film substrate 
is a component used as the display unit of, for example, 
a cellular phone and low cost is required, it is very important 
to simplify the configuration and manufacturing process of 
the liquid crystal display apparatus so that the cost is 
reduced . 

The present invention has been accomplished to solve 
the above-mentioned problems, and it is an object of the 
present invention to provide a liquid crystal display 
apparatus having a flexible substrate that is capable of 
displaying high quality images with high brightness. 

It is another object of the present invention to 
provide a liquid crystal display apparatus having a 
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simplified configuration that reduces manufacturing costs . 
SUMMARY OF THE INVENTION 

To achieve the above-mentioned object, a liquid 
crystal display apparatus according to a first aspect of 
the present invention comprises a pair of substrates disposed 
to face each other with interposition of a liquid crystal 
layer, at least one of the substrates is a flexible substrate , 
and a plurality of concave faces each having a spherical 
inner surface and formed continuously on the surface of at 
least one substrate facing the liquid crystal layer. 

According to the configuration in accordance with 
the present invention, because the concave faces are formed 
continuously on one surface of a flexible substrate, the 
configuration of the liquid crystal display is simplified 
to bring about the reduced manufacturing cost . 

Next, the liquid crystal display apparatus according 
to a second aspect has a metal reflection film formed on 
the substrate surface. 

According to the above-mentioned configuration, the 
reflection type liquid crystal display apparatus of the 
present invention has a built-in reflection plate for 
reflecting the light between the pair of substrates. 
Because the metal reflection film is shaped as described 
hereinabove, the reflection efficiency of the metal 
reflection film is improved to bring about a bright display. 

Next, the liquid crystal display apparatus according 
to a third aspect has a depth of the concave faces ranging 
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from 0 . 1 fxm to 3 ja.m, an inclination distribution of the inner 
surface of the concave faces ranging from -30 degrees to 
+30 degrees, and a pitch between adjacent concave faces 
ranging from 5 ^im to 5 0 [im. 

According to the configuration as described 
hereinabove, because the reflection efficiency of the metal 
reflection film is optimized, the light incident from the 
outside is reflected efficiently, and a bright reflection 
display is realized. 

Next, the liquid crystal display apparatus according 
to a fourth aspect has a metal reflection film having a film 
thickness ranging from 80 A to 300 A. 

According to the configuration as described 
hereinabove, because the film thickness of the metal 
reflection film is made very thin, a bright transmission 
display is realized and the metal reflection film reflects 
light efficiently even when a light source for transmission 
display is used that is external to the substrate to fabricate 
a semi -transmission/reflection type liquid crystal display 
apparatus. In other words , a semi-transmission/reflect ion 
type liquid crystal display apparatus that gives a bright 
and easily visible display for both transmission display 
and reflection display is realized. 

Next, the liquid crystal display apparatus according 
to a fifth aspect has a metal reflection film with a film 
thickness ranging from 80 A to 100 A. 

According to the configuration as described 
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hereinabove, a semi - transmiss ion/reflect ion type liquid 
crystal display apparatus that gives a bright reflection 
display and an extraordinarily bright transmission display 
is realized. 

Next, the liquid crystal display apparatus according 
to a sixth aspect has a color filter formed directly on the 
metal reflection film. 

According to the configuration as described 
hereinabove, because the color filter is formed on the 
surface on which light incident from the outside is reflected, 
the parallax and color deviation is minimized and the high 
quality display is realized. 

Next, the liquid crystal display apparatus according 
to a seventh aspect has a colored substrate with the surface 
on which the concave faces are formed. 

According to the configuration as described 
hereinabove, the color of the colored substrate may be used 
as the display color in the case that a reflection type liquid 
crystal display apparatus is fabricated. In other words, 
a display having the color purity higher than that of the 
display obtained by means of orientation control of liquid 
crystal molecule is realized. 

Next, the liquid crystal display apparatus according 
to a eighth aspect has a flexible substrate comprising 
polyallylate base, polycarbonate base, polyethersulphone 
base, or polyethylene t erephthalate base resin. 

According to the configuration described hereinabove , 
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because the resins described hereinabove are highly 
transparent, the bright display is realized for both 
reflection display and transmission display . Furthermore , 
because the above-mentioned resin materials are excellent 
in heat resistance and a film can be formed at a high 
temperature, a high quality liquid crystal display apparatus 
is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a partial cross sectional 
configuration of a liquid crystal display apparatus in 
accordance with an embodiment of the present invention. 

FIG. 2 is a partially enlarged perspective view 
showing a substrate including the convex/concave faces shown 
in FIG. 1. 

FIG. 3 is a diagram showing the partially cross 
sectional configuration of an exemplary reflection type 
liquid crystal display apparatus having a conventional 
flexible substrate. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment of the present invention will be 
described in detail hereinafter with reference to FIG. 1. 
However, the present invention is by no means limited to 
the embodiment described hereinafter. The drawings that 
will be referred in the present specification are presented 
only for describing the liquid crystal display apparatus. 
Structural components, the magnitude of dimension, size, 
and thickness of elements shown in the drawings may be 
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different from those of the actual liquid crystal display- 
apparatus . 

FIG. 1 is a diagram showing a partial cross sectional 
view of a liquid crystal display apparatus in accordance 
with an embodiment of the present invention. In FIG. 1, 
a liquid crystal display apparatus 1 comprises a liquid 
crystal layer 30 interposed between a first substrate 10 
and second substrate 20 face each other, and the peripheries 
of the two substrates 10 and 20 are bonded together with 
sealing material 40. The two substrates 10 and 20 consist 
of flexible resin in the present embodiment, but a glass 
substrate may be used as the second substrate 20. 

A convex/concave face lOA is formed on the liquid 
crystal layer 30 side of the above-mentioned first substrate 
10, and the convex/concave face lOA is shaped so that the 
plurality of concave faces, each of which constitutes a part 
of a spherical surface, are formed continuously. A 
laminated structure containing a metal reflection film 12 
for reflecting incident light that comes from the outside, 
a color filter 13 for displaying colors, an overcoat film 
14 for protecting and flattening the film surface of these 
films, an electrode layer 15 for driving the liquid crystal 
layer 30, and an orientation film 16 for controlling the 
orientation of liquid crystal molecules that constitute the 
liquid crystal layer 30 is formed on the convex/concave face 
lOA. Another laminated structure containing an electrode 
layer 25, an overcoat film 24, and an orientation film 26 
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is formed on the liquid crystal layer 30 side of the second 
substrate 20. Furthermore, on the outer face side (upper 
side in the drawing) of the second substrate 20, a phase 
difference plate 27 that controls the wavelength dispersion 
of the light, and a reflection plate 28 that controls 
reflection of the light are laminated in the order. 

The first substrate 10 preferably consists of a 
material that is highly transmissive to light (preferably 
90 % or higher, same as that of a glass) and is heat resistive 
at a temperature of 200 °C or higher. If a less transmissive 
material is used, the light loss of the light incident from 
the outside that travels through the liquid crystal display 
apparatus 1 is large and the display is dark. If a material 
that is not resistive to a temperature of 200 ° C or higher, 
the resistivity of the transparent conductive film used as 
the electrode layer 15 increases and the power consumption 
is large. 

Particularly, a transparent conductive film such as 
ITO is used as the electrode layer 15. Note that an ITO 
film formed at a low film-forming temperature exhibits 
significantly larger resistivity in comparison with ITO 
formed at a high temperature of 200 ° C or higher. 
Furthermore, if the film thickness is increased to reduce 
the resistivity of ITO formed at a low temperature, the 
increased film thickness causes reduced light t ransmi ttance 
andwarpage of the substrate 10 due to stress of the electrode 
layer 15. As described hereinabove, the heat resistance 
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of the substrate 10 is very important, and the quality of 
the liquid crystal display apparatus 1 depends significantly 
on the heat resistance of the substrate 10. 

Examples of the material preferably used for the 
above-mentioned first substrate 10 include resin materials 
such as polyallylate base resin, polyether- sulphone base 
resin, polyethylene - terephthalate based resin, and 
polycarbonate base resin, but the material is by no means 
limited to those resins. Polyallylate base resin is used 
more preferably because the heat resistance temperature is 
as high as 280 ° C, the light transmi ttance is as high as 
90 % or higher, and the birefringence is as low as 0. 

The first substrate 10 is formed of the 
above-mentioned material , and a gas barrier layer consisting 
of silicon oxide film or silicon nitride film may be formed 
on one side or both sides of the first substrate 10. The 
configuration having the above-mentioned gas barrier layers 
on the substrate 10 excludes adverse effects on the liquid 
crystal layer 30 due to de-gassing from the above-mentioned 
resin material or gas that penetrates into the liquid crystal 
display apparatus 1 through the above-mentioned resin 
material from the outside. As the result, the reliability 
of the liquid crystal display apparatus 1 is improved. 

Although a different material, such as glass, may 
be used as the second substrate 20, preferably the first 
substrate 10 and second substrate 20 are formed of the same 
material . If the same material is used for the first 
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substrate 10 and the second substrate 20, a liquid crystal 
display apparatus that is excellent in reliability can be 
obtained because the thermal expansion coefficient of the 
two substrates 10 and 20 is identical. This results in less 
rupture of the circuit caused by changes in the ambient 
environment temperature. 

Furthermore, the first substrate 10 disposed on the 
back face side of the liquid crystal display apparatus 1 
may be pigmented. For example, if the substrate 10 is 
pigmented black to obtain a black display, the color purity 
is higher than that of a black display created by reflection 
control of the liquid crystal molecules, thereby realizing 
a liquid crystal display apparatus with an excellent display 
quality and improved contrast. 

The electrode layer 15 comprises a plurality of 
aligned flat rectangular transparent conductive films 
consisting of ITO, which may be connected individually to 
an external driving circuit (not shown in the drawing) . 
Furthermore, the electrode layer 25 formed on the second 
substrate 20 also comprises a plurality of aligned flat 
rectangular transparent conductive films like the 
above-mentioned electrode layer 15, connected individually 
to an external driving circuit. The electrode layer 15 and 
the electrode layer 25 are disposed to make a right angle 
with each other (in a plan view) , and a passive matrix type 
liquid crystal display apparatus 1 is formed . 

In the liquid crystal display apparatus in accordance 
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with the present invention, because the substrate 10 and/or 
the substrate 20 is formed of resin material with high heat 
resistance as described hereinabove, it is possible to form 
the transparent conductive film at a high temperature. As 
the result, the electrode layers 15 and 25 having the light 
transmittance and resistivity equivalent to those of the 
transparent conductive film formed on a glass substrate at 
a high temperature can be obtained and a high performance 
liquid crystal display apparatus is realized. 

The overcoat film 14 of the first substrate 10 and 
the overcoat film 24 of the second substrate 20 are provided 
to equalize the thickness of the liquid crystal layer 30 
by flattening the irregular thickness of the substrates 10 
and 20 and layers formed on those substrates 10 and 20. 

If the substrates 10 and 20 of the liquid crystal 
display apparatus 1 are formed of resin material, because 
to avoid adverse effects caused by degassing from the 
above-mentioned resin material on the liquid crystal layer 
30, the above-mentioned overcoat films 14 and 24 are formed 
to cover the entire liquid crystal layer side surface of 
each of the substrates 10 and 20 . The overcoat films 14 
and 24 formed to cover this surface prevent degassing from 
the substrates 10 and 20 and pene t rat ion to the liquid crystal 
layer 30, and deterioration due to degassing of the liquid 
crystal layer 30 is prevented. 

The metal reflection film 12 is provided to 
efficiently reflect light incident from the outside onto 
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the liquid crystal display apparatus 1 to obtain a bright 
display, and is formed on the convex/concave face lOA that 
is formed on the liquid crystal layer side of the first 
substrate 10 as shown in FIG. 1. The metal reflection film 
12 may consist preferably of a metal material with high 
reflection such as aluminum or silver. Furthermore, the 
metal reflection film 12 is formed by sputtering or vacuum 
evaporation of these metals. 

Furthermore, the metal reflection film 12 is 
preferably formed only on the convex/concave face lOA that 
is the one convex/concave- shaped face of the substrate 10 
as shown in FIG. 1. The reason is that the outer end of 
the metal reflection film 12 formed on the entire surface 
of the liquid crystal layer 30 of the substrate 10 is exposed 
directly to the outside air and the metal reflection film 
12 can be oxidized from the outer end to result in separation 
of the film 12 . 

Furthermore, the color filter 13 is formed directly 
on the metal reflection film 12. The color filter 13 can 
be disposed on the reflection surface (the surface of the 
metal reflection film 12) that reflects the light incident 
from the outside because of the above-mentioned structure, 
and the color deviation and parallax can be reduced. As 
the result, the liquid crystal display apparatus 1 of the 
present invention displays high quality images. 

The thickness of the metal reflection film 12 ranges 
preferably from 80A to 300 A. 



13 



The above-mentioned film thickness allows the display 
to be viewed easily and brightly for both reflection 
displaying and transmission displaying in the case that a 
semi-transmission/reflection type display apparatus 
provided with a backlight on the outside of the substrate 
10 is fabricated. The metal reflection film 12 can be formed 
very thin as described hereinabove because of the 
configuration of the convex/concave face lOA of the first 
substrate 10. In other words, the thinner film thickness 
of the metal reflection film 12 results in reduced 
reflectance of the metal reflection film 12, but the 
above-mentioned convex/convex shape of the metal reflection 
film 12 brings about higher light reflectance . As the result , 
it is possible to display an image with a brightness higher 
than that of a conventional apparatus even if the film 
thickness of the metal reflection film 12 is formed thin. 

Furthermore, the very thin film thickness (as thin 
as 80 A to 100 A) of the metal reflection film 12 renders 
the metal reflection film 12 highly transmissive , and a very 
bright display is realized for transmission displaying. 

As described hereinabove, the liquid crystal display 
apparatus of the present invention realizes the bright and 
easy-viewing display also in the case that a 
semi-transmission/reflection type liquid crystal display 
apparatus provided with a backlight on the outside of the 
substrate 10 is fabricated. 

The film thickness range of the metal reflection film 
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12 described hereinabove is suitable for the 
semi-transmission/ref lection type liquid crystal display 
apparatus that is used for both reflection display and 
transmission display. In the case of a reflection type liquid 
crystal display apparatus used only for reflection display, 
the film thickness is not limited and, for example, a film 
thickness of 1000 A may be used. 

The reflection type liquid crystal display apparatus 
provided with a metal reflection film 12 is described in 
the present embodiment, but the metal reflection film 12 
may be omitted. If the metal reflection film 12 is omitted, 
the liquid crystal display apparatus 1 is used as a 
transmission type liquid crystal display apparatus. In 
such case, the light is scattered effectively by means of 
the above-mentioned convex/concave face lOA and a 
transmission type liquid crystal display apparatus 
excellent in white display is realized. 

Furthermore, the inner surface of each of the concave 
faces of the above-mentioned convex/concave face lOA is 
spherical. This is to say that each inner surface is a part 
of a spherical surface, and thus the surface functions as 
a lens to intensify light incident from the outer face side 
of the first substrate 10, making it possible to render the 
display bright. As described hereinabove, because the 
convex/concave face lOA functions to intensify the light, 
the liquid crystal display apparatus of thepresent invention 
can realize the bright display with a reduced backlight 
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intensity that is provided on the outside of the substrate 
10 for transmission display. As the result, it is possible 
to reduce the power consumption of the backlight, which 
consumes the power for the liquid crystal display apparatus 
mostly, and a low power consumption liquid crystal display 
apparatus is realized. 

The conf igurationof the convex/ concave face lOA shown 
in FIG. 1 will be described in detail with reference to FIG. 

2 . FIG. 2 is a perspective view showing the first substrate 
10 and the part including the metal reflection film 12 formed 
on the first substrate 10. As shown in FIG. 2, the inner 
face of the concave faces 12A, each of which is a part of 
the spherical surface, is formed continuously on the surface 
of the convex/concave face lOA of the substrate 10 to overlap 
each other, and the metal reflection film 12 is laminated 
on the surface . 

It is preferable that the depth of the above-mentioned 
concave faces 12A is formed randomly in the range from 0.1 
[im to 3 \im, the pitch between adjacent concave faces 12A 
is disposed randomly in the range from 5 |j,m to 50 |j,m, and 
the inclination of the inner surface of the above-mentioned 
concave faces 12A is set in the range from -3 0 degrees to 

3 0 degrees. 

Particularly setting of the inclination distribution 
of the inner face of the concave faces 12A in the range from 
-30 degrees to 30 degrees and the random disposition of the 
pitch of the adjacent concave faces 12A in all directions 
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in a plane are important. The reason is that, if the pitch 
of the adjacent concave faces 12A is regular, the reflected 
light is colored due to interference color of the light. 
Furthermore, if the inclination distribution of the inner 
face of the concave faces 12A deviates from the range from 
-30 degrees to 30 degrees, the diffusion angle of the 
reflected light is too wide and results in reduced reflection 
intensity and bright display cannot be obtained (the 
diffusion angle of the reflected light is equal to or larger 
than 60 degrees to result in reduced reflection intensity 
peak in the liquid crystal display apparatus and result in 
large total reflection loss) . 

Furthermore, if the depth of the concave faces 12A 
exceeds 3 [im, the peaks cannot be buried with the flattening 
film (overcoat film 14) when the concave faces 12A are 
flattened in the subsequent process step. As a result, the 
desired flatness cannot be obtained and a depth that exceeds 
3 [im causes the display to be irregular. 

If the pitch of the adjacent concave faces 12A is 
less than 5 |j.m, the fabrication work for making a transfer 
die that is used for forming the convex/concave face IDA 
of the first substrate 10 is limited, and the working time 
increases. Furthermore, the shape for obtaining desired 
reflection characteristic cannot be formed and 
interferential light is caused. In addition, as a diamond 
indenter having a diameter of 30 jam to 100 \xm is used to 
fabricate the transfer die, it is preferable that the pitch 



17 



is in the range from 5 |j,m to 5 0 jj,m between the adj acent concave 
faces 12A. 

In the case of the liquid crystal display apparatus 
1 of the present invention, because the metal reflection 
film 12 formed on the convex/concave face lOA of the first 
substrate 10 is shaped in a convex/concave fashion, the 
incident light is reflected and scattered efficiently, and 
a display having a bright reflection and wide angle of 
visibility are realized. These advantages of the present 
invention are due to the control of the depth and pitch of 
the concave faces 12A shown in FIG . 2 in the range as described 
hereinabove and due to the spherical surface of the inner 
face of the concave faces 12A. 

In detail, the depth and pitch of the concave faces 
12A are formed under control, the inclination of the inner 
surface of the concave faces 12A that controls the light 
reflection angle is controlled in a certain range. As the 
result, the reflection efficiency of the metal reflection 
film 12 can be controlled within a certain range. 
Furthermore, because the inner surface of the concave faces 
12A is symmetrically spherical in all the directions, the 
above-mentioned reflection efficiency can be obtained for 
all the directions of the metal reflection film 12 . To sum 
up, the bright display can be seen from all the directions. 

The convex/concave face lOA of the first substrate 
10 is formed by hot-pressing a resin material sheet to shape 
it in the form of the first substrate 10 by use of a transfer 
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die. The above-mentioned transfer die is made by a diamond 
indenter pressed on the surface of flat base material such 
as stainless steel, and the configuration of the 
convex/concave face lOA shown in FIG. 2 is formed by use 
of an inversely convex/concave die. 

The process conditions applied in the hot-pressing 
process such as temperature, pressure, and time may be 
selected suitably depending on the type of material and the 
size of the substrate 10. For example, the process 
temperature is preferably a temperature 10 ° Cto20° Glower 
than the heat-resisting temperature of the material of the 
first substrate 10. More in detail, in the case that, for 
example , polyallylate resin sheet having a thickness of 0 . 3 
mm is used for the substrate 10, the process condition for 
forming the convex/concave face lOA includes a process 
temperature of 170 ° C to 180 ° C, pressure of 100 to 200 
kg/cm^, and process time of 1 to 3 minutes. Note however 
that these process conditions are merely one example, the 
process conditions are by no means limited to the 
above-mentioned conditions. 

The convex/ concave face lOA formed by hot-pressing 
is preferably formed on the entire face of the substrate 
10 excepting the periphery of the substrate 10. The 
structure as described hereinabove has flat surface on the 
periphery of the substrate 10, and the overcoat film 14 can 
be fit on the substrate 10 firmly. As the result, the 
overcoat film 14 will not be separated from the substrate 



10, and it is possible that the liquid crystal display- 
apparatus 1 of the present invention retains high rel iability 
for a number of years in a high temperature and high humidity 
environment (for example, a temperature equal to or higher 
than 60 ° C and a humidity equal to or higher than 90 %) . 

Furthermore, because a hot-pressing method is used 
as a method for forming the convex/concave face lOA, a large 
substrate may be hot-pressed. This large hot-pressed 
substrate may then be divided into substrates 10 having a 
desired size. Therefore, a plurality of substrates 10 on 
which the convex/concave face lOA are formed can be obtained 
in one operation efficiently. 

As described hereinbefore in detail, according to 
the liquid crystal display apparatus of the present invention 
the convex/concave configuration (a configuration in which 
continuous concave faces each have an inner surface that 
is a part of the spherical surface) is formed directly on 
the surface of the liquid crystal layer side of the substrate 
of the liquid crystal display apparatus having a flexible 
substrate. As the result, the configuration of the liquid 
crystal display apparatus is made simpler than that of the 
conventional liquid crystal display apparatus and the 
manufacturing cost is reduced. 

Next, a reflection type liquid crystal display 
apparatus provided with a metal reflection film formed on 
the surface of the above-mentioned substrate where the 
convex/concave face is formedhas an improved light 
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reflectance due to the above-mentioned surface 
configuration. As the result, a reflection type liquid 
crystal display apparatus having a bright and easily viewable 
display and wide angle of visibility is realized. 

In the case that a semi -transmission/reflect ion type 
liquid crystal display apparatus provided with a backlight 
for transmission display on the outside of the substrate 
having a metal reflection film with a film thickness of 80 
A to 300 A is fabricated, a bright reflection display is 
obtained due to the surface configuration of the 
above-mentioned substrate in the reflection mode in which 
the solar light or illumination is used as the light source 
for displaying an image. On the other hand, in the case 
of the transmission mode in which the light from a backlight 
is used as the light source for displaying an image, a bright 
display is obtained due to the high transmi ttance of the 
metal reflection film. As the result, in both operation 
modes, a semi-transmission/reflection type liquid crystal 
display apparatus that displays a bright and easily viewable 
image is provided. 

Furthermore, in the case that the film thickness of 
the metal reflection film of the above-mentioned 
semi-transmission/ref lection type liquid crystal display 
apparatus is in the range from 80 A to 100 A, a 
semi -transmission/reflection type liquid crystal display 
apparatus that gives very bright display in the transmission 
mode is provided. 
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Particularly, because the inner surface of the concave 
faces formed on the above-mentioned substrate surface is 
a part of spherical surface, the light supplied from a 
backlight is enhanced by the lens effect, and the 
semi -transmission/ref lection type liquid crystal display 
apparatus provides a bright transmission display. 
Furthermore, it is possible to employ a backlight of a lower 
light intensity because of the above reason, a low power 
consumption liquid crystal display apparatus is realized. 

Next, according to the liquid crystal display 
apparatus of the present invention, because a color filter 
is formed immediately on the metal reflection film, the 
parallax and the color deviation are reduced and the high 
quality display is realized. 

Next, according to the liquid crystal display 
apparatus of the present invention, in the case that a colored 
substrate having the surface on which the convex/concave 
configuration is formed is used, the color of the substrate 
is used as the display color, and it is possible to give 
a display of higher color purity than that of a display 
obtained by means of orientation control of the liquid 
crystal molecule. 

Next, according to the liquid crystal display 
apparatus of the present invention, in the case that the 
above-mentioned substrate is formed of resin such as 
polyallylate base resin, polycarbonate base resin, 
polyethersulphone base resin, or polyethylene 
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terephthalate base resin, the substrate is rendered highly- 
light transmissive and highly heat resistive . As the result 
the layers can be formed on the substrate at a high temperature 
A high quality liquid crystal display apparatus is provided 
thereby . 

According to the present invention, in both cases 
that a semi -transmission/reflection type or a reflection 
type liquid crystal apparatus is fabricated, a 1 iquid crystal 
display apparatus that gives a bright display and wide angle 
of visibility is provided. 

Furthermore, according to the present invention, the 
configuration is simplified to bring about reduced 
manufacturing cost of the liquid crystal display apparatus . 
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What Is Claimed Is: 

1. A liquid crystal display apparatus comprising a 
pair of substrates dis posed to face each other with 
interposition of a liquid crystal layer, at least one of 
the substrates being a flexible substrate, wherein a 
plurality of concave faces having a spherical inner surface 
are formed continuously on a surface of at least one of the 
substrates, the substrate surface facing the liquid crystal 
layer . 

2. The liquid crystal display apparatus according 
to claim 1, wherein a depth of the concave faces ranges from 
0.1 ixm to 3 |a.ra, an inclination distribution of the inner 
surface of the concave faces ranges from -30 degrees to +30 
degrees, and a pitch between adjacent concave faces ranges 
from 5 }a,m to 5 0 |a,m. 

3. The liquid crystal display apparatus according 
to claim 1, wherein a metal reflection film is formed on 
the substrate surface . 

4. The liquid crystal display apparatus according 
to claim 3 , wherein a film thickness of the metal reflection 
film ranges from 80 A to 300 A. 

5. The liquid crystal display apparatus according 
to claim 3 , wherein a film thickness of the metal reflection 
film ranges from 80 A to 100 A. 

6. The liquid crystal display apparatus according 
to claim 3, wherein a color filter is formed directly on 
the metal reflection film. 
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7. The liquid crystal display apparatus according 
to claim 1, wherein the substrate surface is colored. 

8. The liquid crystal display apparatus according 
to claim 1, wherein the flexible substrate comprises one 
of a polyallylate base, polycarbonate base, 
polyethersulphone base, and polyethylene terephthalate 
base resin. 
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ABSTRACT OF THE DISCLOSURE 

The invention provides a liquid crystal display 
apparatus having a flexible substrate that realizes the 
bright and high quality display. A liquid crystal display 
apparatus has a liquid crystal layer interposed between a 
pair of flexible substrates that face each other, and a 
plurality of concave faces having a spherical inner surface 
are formed continuously on the surface of the substrate that 
faces the liquid crystal layer side. 
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APPENDIX B 
Substitute Specification 

(Red-Lined Version) 



Attorney Docket No. 9281-4210 
Liquid Crystal Display Apparatus Having 
Flexible Substrate 
Inventor Tetsushi Tanada et al. 



LIQUID CRYSTAL DISPLAY APPARATUS HAVING FLEXIBLE SUBSTRATE 



BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

This invention relates to a liquid crystal display 
apparatus having a flexible substrate. 

2. DESCRIPTION OF THE RELATED ART 

A liquid crystal display apparatus that consumes 
minimal power has been used currently as a display unit for 
a— -portable electronic apparatuses, such as portable 
information terminals or cellular phone s--a-g--a---d4rghp lay ufirirfe-. 

Particula r ±-h— teh-e cas e ' ■ e -i—ar -In part icu lar , reflection type 

1 iquid crystal apparatuses trhrar^-^roe -s ae te ae e-d-a re used for 

most products as a backl ight-ar^^- can be-of^ r ated wirtfe-me^re 
is not necessary, resultin g in minimal power consumpt ion-r 

t-h e i± q^i^-i-4r.~^;i.^Y^^ u - sod for-ar lmost al] r 

prodtte-te-^- fc- eca u -g-e -and i n creased battery 1 i f e #t3:±^a-&4-ee time of 

a- n c 1 c c t r e n^jr^ — a p p a r q z u 3 — e ti n 1 a 3 1 — ^rt rnger . 

Meanwhile , wirfe-fer-^reee^vfe — i-fte-r^€ra-3 i ng re-gt-re-a-t: — for 

fflriniat u -^^irgat i on - a rftd — Mg ht — we4:^Tf5:fe — &^ — feiie — e leet-r-enia 

app-a-a^aturs-, -fehre— a liquid crystal display apparatus that 
employs a resin film substrate instead of a conventional 
glass substrate has been developed to answer the 
ever - increasing need for further miniaturization and weight 
decrease of the electronic apparatus . 

Aj^-e-3temp la -3ry^onf ig^u-g^io n One examp le of a reflection 
type 1 iquid crystal di splay apparatus having a f ilm substrate 
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as described hereinabove will be described briefly with 
reference to FIG. 3. FIG. 3 is a diagram showing tfee— a_ 
partialis cross-sectional e&ff&i^^r^-ix^-y- i e w of a liquid 
crystal display apparatus having a conventional 
configuration. In FIG. 3, the liquid crystal display 
apparatus 100 comprises a first film substrate 110 and a 
second film substrate 120, which a-i^face^ each other, and 
a liquid crystal layer 130 that is sealed between the two 
film substrates 110 and 120. 

&ft--fe-^^e--e4-€te--e ^ the ^^ ^ot f i I rt n oubotratc 110 of the 
ir±rqp:4rA-^i'3rY^ — M^ -A laminated structure of an 
electrode layer 115 consisting of transparent conductive 
film such as I TO ( indium- 1 in oxide ) ^^ at i. a 3cr\ '^ d to o p e r a t e _s 
liquid crystal molecules^ of the liquid crystal layer 130 
and an orientation film 116 fe^^jrarfe— dr s a er-ye^ir-^e-control s, the 
orientation of liquid crystal mo 1 e cu 1 e s, e#-fe ^e-"l"± qtri- d-e-gyg t ^al" 

j^fe^^ efe'ttr oare formed on the liq u id crystal layer side of the 
first film substrate 110 . -F tir t he a rffte-afe-r -Anot her laminated 
structure of an electrode layer 125 a nd orientaticn film 
126 are formed on the liquid crystal layer ia-Q— side of the 
second film substrate 120i — a ji e leefe^^e^ — lay e ^r— 12 5 and 

e>fg4-ei¥£-a-t---ie>n f il m -1-2 € --^-*re------f o-r med— ette-ee 3-gHirye-l-y t e form the- 

Irafft-inatcd a t rtie- feidr^^ . Furthermore, a reflection plate 128 
is provided on the opposite side of the second film substrate 
120 ( the outer face side of the second film substrate 120) 
to the liq-ttj-^-eaey&^aj^^r^yer 130 vjith rocpcct tc the 3-e^ee# 
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Furthermore, a refle ctor 14 0 having one surface on 

which a reflection film 141 of aluminum is formed on the 



outer face side of the first film substrate 110_^~, 



-fe h at t hr eAn 



adhesive 142 is formed betw e en the reflection film 141 irs- 
-£Txei:-Rq toand the substrate 110 witfe4r»t-e^e^ei34rtieH-e-^a^ 

The liquid crystal display apparatus 100 having the 
above-mentioned configuration has been used as fefe^-a 
reflection type liquid crystal display apparatusy- in which 

solar l-e :-qht energy or other external illumination is used 

as the light source_^ a^ad— the I rirgte : • that— irs -Liqht incident 
from the outside of the second substrate 120 is reflected 
on the reflection film 141 and used for displaying. 

Furthermore, because ©#— a film substrate that is 
thinner than conventional glass s ubstrate is used as the 

to make an electronic apparatus having the above-mentioned 
liquid crystal display apparatus thin, and parallax is 
suppressed to bring about fefee— a high quality display. 

However, according to the configuration of the liquid 
crystal display apparatus 100, because the exterior type 
reflector 140 reflects the incident light , the light incident 
from the second substrate 120 side to the liquid crystal 
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display apparatus 100 passes through the two substrates 110 
and 120 and a reflection plate 128 inevitably before the 
light reaches to-the reflection film 141 of the reflector 
140. As the result, the light transmission loss is large, 
and the brightness of the display is insufficient. 

Furthermore, because the liquid crystal display 
apparatus 100 comprising the above-mentioned film substrate 
is a component used as the display unit of, for example, 
a cellular phone and t*te^low cost is required, it is very 
important to simplify the configuration and manufacturing 
process of the liquid crystal display apparatus so that the 
cost is reduced. 

The present invention has been accomplished to solve 
the above-mentioned problems^, and it is an object of the 
present invention to provide a liquid crystal display 
apparatus having a flexible substrate that is capable of 
displaying -fehre— high quality images^ with high brightness. 

It is another object of the present invention to 
provide a liquid crystal display apparatus having tfee— a. 

simplified configuration that birirsgs a fe<3ut -fefee -r educes 

manufacturing cost s reduction . 
SUMMARY OF THE INVENTION 

To achieve the above-mentioned object, a liquid 
crystal display apparatus according to a first aspect of 
the present invention -i-a^-Gii^ciSrx^ti!^ 

e-*'y's4rari---d4rs-p4ray^^ a pair of substrates 

disposed -so- ars— to face each other with interposition of a 
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liquid crystal layer, at least one of the substrates is a 

flexible substrate, wh G -r orir B. ma-a ry- and a p lu rality of concave 

faces each having ^tfee— a spherical inner surface that i-s— a- 
p a rt of ' t tee--g^b e rica l '-3t}-;^ga--e^ are and formed continuously 

on the surface of at least one substrate o ut of fe-he p-a -i ; f 

g^±b ^ trat s -g--"ferfert: i s facing t^a— the liquid crystal layer 

According to the configuration in accordance with 
the present invention, because ffta^ay^ the concave faces having 
the inner aur f aee-^fearfe-jre-a-pa rt of the -^-ehre- r i cal 3urfac( > 
are formed continuously on one surface of a flexible 
substrate, the configuration of the liquid crystal display 
is simplified to bring about the reduced manufacturing cost . 

Next, the liquid crystal display apparatus according 
to a second aspect jrB-<jharacteri ze d 4' H -t%ia^--fe-fee^rjrquid crystal 

dri-g p-l-ay app a r a t u s a c c o r a- i ng fee the -£ 4:^^8 4: a-gpee fc ' -ha s a metal 

reflection film formed on the substrate surface e a ■wh-i-eii- 

m a ny ceaeav e-g— fa-a^v-i-ng t h e — i- nner aurfacc — that: — i-s — a pa - r - t- -- e ^ 

the ap h e^^-e^-^— g m rf acc arc f a^med---ees-t inuously . 

According to the above-mentioned configuration, the 
reflection type liquid crystal display apparatus of the 
present invent ion 4rs — served a -s — a— ¥^ ^ - l -ee't"i''e-H-— e^'^|>e' liquid 
crysfe''ajr--dr3rep4-ay app a - £ ^a-fe-i±a-4^vinq has a built - in reflection 
plate for reflecting the light between the pair of substrates , 
Because the metal reflection film is shaped as described 
hereinabove, the reflection efficiency of the metal 
reflection film is improved to bring about 4s4^-e— a bright 
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display . 

Next, the liquid crystal display apparatus according 
to a third aspect -ar-g-efea^ra et eri zed in tAarfe--ferh:e-- M ' q 'Uid crystal 
drjr^play appa ra -t-ttg-aree-e^-d^i-ag-^Te^ aspe^fe-has a depth 

of the concave faces ranging from 0 . 1 |j,m to 3 jam , an incl i nation 
distribution of the inner surface of the concave faces 
ranging from -30 degrees to +30 degrees, and a pitch between 
adjacent concave_face^s ranging from 5 |j.m to 50 |a.m . 

According to the configuration as described 
hereinabove, because the reflection efficiency of the metal 
reflection film is optimized, the light incident from the 
outside is reflected efficiently, and feiie-a^b right reflection 
display is realized. 

Next, the liquid crystal display apparatus according 
to a fourth aspect ■i^-^to-^^Orefe^-^^rg-ed-^jr-fe^^arfe-fe^^ crystal 

d-i-3 - p - l-a-y- a-p p- a-gQfe-ti -g--are-eo±'d:jrftg^ a.,3„pe . e. . t; has th e 

a metal reflection film having a film thickness ranging from 
80 A to 300 A. 

According to the configuration as described 
hereinabove, because the film thickness of the metal 
reflection film is made very thin, the-a^bright transmission 
di splay i s real i zed and the metal re f 1 ec t ion film 4r&-p-&&s-irfe-3rer 
■fee-ref lects_ tfe^light efficiently even in th e • ea rg^-fete^ when 

a 1 ight source fc ■ ha . fe i-g — ae af-ved for transmission display is 

a-irgja-og-e-d out si de ^ - used that is external to the substrate to 
fabricate a semi -transmission/reflect ion type liquid 
crystal display apparatus. In other words, a 
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semi -transmission/reflection type liquid crystal display 
apparatus that gives the bright and easily visible display 
for both transmission display and reflection display is 
real i zed . 

Next, the liquid crystal display apparatus according 
to a fifth aspect 4r3--^h:aj ^ c t eri ze -dr-^rg-that t he -jr4^uid cr y& fearjr 

4.1 3p, . ,^ ,.;3^yu^p^^ y..a..fe.ti s -^re^ t'fa -e-^-e-eoB^-a^p-e^^h a s a metal 

reflection film with a film thickness ranging from 80 A to 
100 A. 

According to the configuration as described 
hereinabove, a semi -transmission/reflection type liquid 
crystal display apparatus that gives thre"a_br ight reflection 
display and an extraordinarily bright transmission display 
is realized. 

Next, the liquid crystal display apparatus according 
to a sixth aspect 4-&-^ te'-r-a'e'te' e r d-g e-d- ' -i - Fx-- fe -h-a't te'h e- 4 " i ' g'd . -a r d-'e - ry ' 3' fc "a'l ' 

€^r€r t-h-ci3^ - e-t has a color filter formed directly on the metal 

reflection film. 

According to the configuration as described 
hereinabove, because the color filter is formed on the 
surface on which thr^light incident from the outside is 
reflected, the parallax and color deviation is minimized 
and the high quality display is realized. 

Next, the liquid crystal display apparatus according 
to a seventh aspect 4r&---efear i rac t e -g^r^^d i a r-fehrart — fefee- liquid- 
e-g^yetal diaplay apparatua— according t o any one of fir a -te- 
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gr&g^e<:t te-'-^xth a -gpe-efe— has a colored substrate fearing with 
the surface on which ma^ ^the concave face s ftr wing the inner 
3ti-i^§Ti«e~fc4^ at-±-»-a:-^^ r e formed 

According to the configuration as described 
hereinabove, the color of the colored substrate may be used 
as the display color in the case that a reflection type liquid 
crystal display apparatus is fabricated. In other words, 
tbe— a^display having the color purity higher than that of 
the display obtained by means of orientation control of 
liquid crystal molecule is realized.' 

Next, the liquid crystal display apparatus according 
to a eighth aspect 4r3-e fi a r a o ferig-^^-giS^^-i i t h a t t h e -t- iquird cry3tal 
£ii^f>4ray---^^ a s the a 

flexible substrate -&&Hrs4r s ti n r€f---e ^comp risinq polyallylate 
base, polycarbonate base, polye thersulphone base, or 
polyethylene t erephthalate base resin. 

According to the configuration described hereinabove , 
because the resins described hereinabove are highly 
transparent, the bright display is realized for both 
reflection display and transmission display . Furthermore , 
because the above-mentioned resin materials are excellent 
in heat resistance and a film can be formed at a high 
temperature, a high quality liquid crystal display apparatus 
is realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a partial cross sectional 
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conf igurat ion of a liquid crystal display apparatus in 
accordance with an embodiment of the present invention. 

FIG. 2 is a partially enlarged perspective view 
showing a substrate including the convex/concave faces shown 
in FIG. 1. 

FIG. 3 is a diagram showing the partially cross 
sectional configuration of an exemplary reflection type 
liquid crystal display apparatus having a conventional 
flexible substrate. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

One embodiment of the present invention will be 
described in detail hereinafter with reference to FIG. 1. 
However, the present invention is by no means limited to 
the embodiment described hereinafter. The drawings that 
will be referred in the present specification are presented 
only for describing the liquid crystal display apparatus. 
Structural components, the magnitude of dimension, size, 
and thickness of elements shown in the drawings a-^re— may be 
different from those of the actual liquid crystal display 
apparatus . 

FIG . 1 is a diagram showing a partialis cross sectional 
e'€m#ireftar^=e at ion view of a liquid crystal display apparatus 
in accordance with an embodiment of the present invention. 
In FIG. 1, a liquid crystal display apparatus 1 comprises 
a liquid crystal layer 30 interposed between a first 
substrate 10 and second substrate 20 -fehat are faced: each 
other, and the peripheries of the two substrates 10 and 20 
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are bonded together with sealing material 40. The two 
substrates 10 and 20 consist of flexible resin in the present 
embodiment, but a glass substrate may be used as the second 
substrate 2 0 . 

A convex/concave face lOA is formed on the liquid 
crystal layer 30 side of the above-mentioned first substrate 
10, and the convex/concave face lOA is shaped so that the 
fflarflry -plurality of concave faces , each of which constitutes 
a part of a spherical surfacej_ are formed continuously. A 
laminated structure containing On the c o n veac / concave f ae -e 
-3rB*T-a metal reflection film 12 for reflecting fe^sr^inc ident 
light that comes from the outside, a color filter 13 for 
displaying colors, an overcoat film 14 for protecting and 
flattening the film surface of these films, an electrode 
layer 15 for driving the liquid crystal layer 30, and an 
orientation film 16 for controlling the orientation of liquid 
crystal molecules that constitute the liquid crystal layer 

3 0 Qr^^e— is formed 4r&'''-l ' 'af fl- i na-ted f • a -gfei-e ^o n the convex/ concave 

face IDA . Another laminated structure containing G «— &fee 

an electrode layer 25 , an overcoat film 24 , and an orientation 

g4r^ti-€-t -tty-eo n the liquid crystal layer 3 0 side of the second 
substrate 2 0 . Furthermore, on the outer face side (upper 
side in the drawing) of the second substrate 20, a phase 

difference plate 27 -g-e-K^v-ed. f e -^;^— eon t r oj: lin g that controls 

the wavelength dispersion of the light, and a deflection 
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reflection plate 2 8 g-eiie^ e d £ -<>ar co nfe iE^ll i nq that controls 
de-&ee^&4-efi— reflec t ion of the light are laminated in the 
order . 

The first substrate 10 preferably consists of a 
material that is highly transmissive to the light (preferably 
90 % or higher, same as that of a glass) and is heat resistive 
at a temperature of200 °Cor higher. If a less transmissive 
material ^ at irs-i-er ss t rai^igfa-£-9i3--ivei s used , the light loss 

of the light incident from the outside d"tare- t o t r - a^ ling 

^&fe e l-i-^fefe that trave l s through the 1 iquid crystal display 

apparatus 1 is large and the display is dark. If a material 
that is not resistive to a temperature of 200 ° C or higher, 
the resistivity of the transparent conductive film used as 
the electrode layer 15 b ^om e a -4rar3r ^increases and the power 
consumption is large. 

Particularly, a transparent conductive film such as 
ITO is used as the electrode layer 15 , an -^ . Note that an 
ITO film formed at a low film-forming temperature exhibits 
significantly larger resistivity in comparison with ITO 
formed at a high temperature of 200 ° C or higher. 
Furthermore, if the film thickness is increased to reduce 
the resistivity of ITO formed at a low temperature, the 
increased film thickness causes tbe^reduced light 
transmittance and warpage of the substrate 10 due to stress 
of the electrode layer 15. As described hereinabove, the 
heat resistance of the substrate 10 is very important, and 
the quality of the liquid crystal display apparatus 1 depends 
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significantly on the heat resistance of the substrate 10. 

Examples of the material preferably used for the 
above-mentioned first substrate 10 include resin materials 
such as polyallylate base resin, polyether- sulphone base 
resin, polyethylene - terephthalate based resin, and 
polycarbonate base resin, but the material is by no means 
limited to those resins. Polyallylate base resin is used 
more preferably because the heat resistance temperature is 
as high as 280 ° C, the light t ransmi 1 1 ance is as high as 
90 % or higher, and the birefringence is as low as 0. 

The first substrate 10 is formed of the 
above-mentioned material, and the— a__gas barrier layer 
consisting of silicone oxide film or silicon nitride film 
may be formed on one side or both sides of the first substrate 
10. The configuration having the above-mentioned gas 
barrier layers on the substrate 10 excludes tfee— adverse 
effects^ on the liquid crystal layer 30 due to de-gassing 
from the above-mentioned resin material or gas that 
penetrates into the liquid crystal display apparatus 1 
through the above-mentioned resin material from the outside . 
As the result , the reliability of the liquid crystal display 
apparatus 1 is improved. 

Mthou gh a different mat eri al, such as glass, may 
be use d as the second substrate 20, preferably ¥ he-g-a:ffte 
fflarte^^rari-^^ arfe<3^¥^e--Fne«4r4r^fted™f 1 r s t substrate 10 

ffl-ay-fe^e-Hd-s-e^-a^r&o--^^ second substrate 2 0 are formed 

of the same material- p-a^e#e^g^a:b4ry-r-b^ u t di f f c.i'^^f=Hq4^-mf»4=H^ ^ o 1 ,? 4ri:^eh- 
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tbarfe-IJ, the same material is used for the first substrate 
10 i s u g^ d a l &e— i-e ^and the second substrate 20, a liquid 
crystal display apparatus that is excellent in -e-he-- 
reliability can be obtained because the thermal expansion 
coefficient of the two substrates 10 and 20 is identical_^ 
fe^ —This results in less rupture of the circuit t o the 

caused by changes in the ambient environment temperature 
^eha nge . 

Furthermore, the first substrate 10 disposed on the 
back face side of the liquid crystal display apparatus 1 
may be pigmented. For example, if the substrate 10 is 
pigmented black to obtain tfee-a^black display^^ -h-avi -rw -the 
color purity is higher than that of ^fefee— -a black display 
^ ^ re3 3 €i -^-by^iea n3 ' ' e ig-d rcreat ed by r eflection control fey-tsrs-e 
of the liquid crystal molecules, ared -thereby realizing a 
liquid crystal display apparatus with an excellent i&-di splay 
quality w - ifch — and improved contrast— m — real i zed . 

The electrode layer 15 comprises a plurality of 
aligned ffiarsy-f lat rectangular transparent conductive films 
consisting of ITO, a^ard-jr-3 rwhi ch may be connected individually 
to an external driving circuit (not shown in the drawing) . 
Furthermore, the electrode layer 25 formed on the second 
substrate 20 also comprises a plurality of aligned marny-f lat 
rectangular transparent conductive films like the 
above-mentioned electrode layer 15, arBrd- is connected 
individually to an external driving circuit . The electrode 
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layer 15 and the electrode layer 25 are disposed e^-a&~to 
make a right angle with each other Xin fefee-a plan viewl, 
and ^fe^a_|3a ssive matrix type liquid crystal display 
apparatus 1 is formed ii=i~"fehre~pxa^^4-w---ma-fe^^ 

In the liquid crystal display apparatus in accordance 
with the present invention, because the substrate 10 and/or 
the substrate 20 is formed of resin material with high heat 
resistance as described hereinabove, it is possible to form 
the transparent conductive film at a high temperature. As 
the result, the electrode layers 15 and 25 having the light 
transmittance and resistivity equivalent to those of the 
transparent conductive film formed on a glass substrate at 
a high temperature can be obtained and the a__high performance 
liquid crystal display apparatus is realized. 

The overcoat film 14 of the first substrate 10 and 
the overcoat film 24 of the second substrate 20 are provided 
to equalize the thickness of the liquid crystal layer 30 
by flattening the irregular thickness of the substrates 10 
and 20 and layers formed on those substrates 10 and 20. 

^I^^i~~^=h:<Sr--'&^ the substrates 10 and 20 of the 

liquid crystal display apparatus 1 are formed of resin 
material , because i-fe--i-s^ee<p±i:^ed-t o avoid tfee-adverse effects 
dtte— fe-e -caused by degassing from the above-mentioned resin 
material on the liquid crystal layer 3 0 , the above-mentioned 
overcoat films 14 and 24 are formed s^-^rs-to cover the e^ie- 
entire liquid crystal layer side surface of each of the 
substrates 10 and 20 directed to th e liquid c ry&^^j^^r^ye^ 
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a-e-s-i^. The overcoat films 14 and 24 formed s-^-ars-to cover 
^ hc o li e til is. surface ef cachof the aubotratco 10 and 20 prevent 
degassing from the substrates 10 and 20 and penetration to 
the liquid crystal layer 30, and feite-deter iorat ion due to 
degassing of the liquid crystal layer 30 is prevented. 

The metal reflection film 12 is provided to 
efficiently reflect thre-light incident from the outside onto 
the liquid crystal display apparatus 1 to obtain feh:e-a_br ight 
display, and is formed on the convex/concave face lOA that 
is formed on the liquid crystal layer 3^side of the first 
substrate 10 as shown in FIG. 1. The metal reflection film 
12 may consists- preferably of a metal material with high 
reflection such as aluminum or silver. Furthermore, the 
metal reflection film 12 is formed by g^ar4r t )'er iift^ sput t ering 
or vacuum evaporation of these metals. 

Furthermore, the metal reflection film 12 is 
preferably formed only on the convex/concave face lOA that 
is the one convex/ concave - shaped face of the substrate 10 
as shown in FIG. 1. The reason is that the outer end of 
the metal reflection film 12 formed on the entire surface 
of the liquid crystal layer 30 of the substrate 10 is exposed 
directly to the outside air and the metal reflection film 
12 can be oxidized from the outer end to result in separation 
of the film 12 . 

Furthermore, the color filter 13 is formed directly 
on the metal reflection film 12. The color filter 13 can 
be disposed on the reflection surface (the surface of the 
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metal reflection film 12) that reflects the light incident 
from the outside because of the above-mentioned structure, 
and the color deviation and parallax can be reduced. As 
the result, the liquid crystal display apparatus 1 of the 
present invention displays ti^re— high quality images^. 

The thickness of the metal reflection film 12 ranges 
preferably from 80A to 300 A. 

The above-mentioned film thickness allows the display 
to be viewed easily and brightly for both reflection 
displaying and transmission displaying in the case that a 
semi-transmission/reflection type display apparatus 
provided with a backlight on the outside of the substrate 
10 is fabricated. The metal reflection film 12 can be formed 
very thin as described hereinabove because of the 
configuration of the convex/concave face lOA of the first 
substrate 10. In other words, the thinner film thickness 
of the metal reflection film 12 results in reduced 
reflectance of the metal reflection film 12, but the 
above-mentioned convex/convex shape of the metal reflection 
film 12 brings about higher light reflectance . As the result , 
it is possible to display an imag^ with -e-he— a _ b r ightness 
higher than that of fefee— a_convent ional apparatus even if 
the film thickness of the metal reflection film 12 is formed 
thin . 

Furthermore, the very thin film thickness Xas thin 
as 80 A to 100 Al of the metal reflection film 12 renders 
the metal reflection film 12 highly transmissive , and t h e - 
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a very bright display is realized for fefe&~t ransmission 
displaying . 

As described hereinabove, the liquid crystal display 
apparatus of the present invention realizes the bright and 
easy-viewing display also in the case that a 
semi-transmission/ref lection type liquid crystal display 
apparatus provided with a backlight on the outside of the 
substrate 10 is fabricated. 

The film thickness range of the metal reflection film 
12 described hereinabove is suitable for the 
semi-transmission/ref lection type liquid crystal display 
apparatus that is used for both reflection display and 
transmission display^T-fe-i*t-4rHr In the case of ti3:e-a__ref lection 
type liquid crystal display apparatus -te^ ^ a t i s -used only for 
reflection display, the film thickness is not limited and, 
for example, a film thickness of 1000 A € ilm thickness may 
be e-pf»4-jrearu s e d . 

The reflection type liquid crystal display apparatus 
provided with e4^-e--a metal reflection film 12 is described 
in the present embodiment, but the metal reflection film 
12 may be omitted . If the metal reflection filml2 is omitted, 
the liquid crystal display apparatus 1 is used as a 
transmission type liquid crystal display apparatus. In 
such case, the light is scattered effectively by means of 
the above-mentioned convex/ concave face lOA and a 
transmission type liquid crystal display apparatus 
excellent in white display is realized. 
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Furthermore, the inner surface of maey- each of the 
concave faces of the above-mentioned convex/concave face 
lOA is spherical . This is to say that each inner surface 
is a part of fehre— a spherical surface, and uhus the surface 
functions as a lens to intensify tbe—light incident from 
the outer face side of the first substrate 10, afird—makinq 
it 4-s-possible to render the display bright . As described 
hereinabove, because the convex/concave face lOA functions 
to intensify the light , the liquid crystal display apparatus 
of the present invention can realize the bright display with 
a reduced backlight intensity that is provided on the outside 
of the substrate 10 for transmission display. As the result , 
it is possible to reduce the power consumption of the 
backlight, which consumes the power for the liquid crystal 
display apparatus mostly, and trhr^a low power consumption 
liquid crystal display apparatus is realized. 

The configuration of the convex/concave face lOA shown 
in FIG. 1 will be described in detail with reference to FIG. 
2 . FIG. 2 is a perspective view showing the first substrate 
10 and the part including the metal reflection film 12 formed 
on the first substrate 10. As shown in FIG. 2, the inner 
face of marg-y -the concave faces 12A, each of which is a part 
of the spherical surface, is formed continuously on the 
surface of the convex/ concave f ac e 3 --l ' Q ' A f ace lOA of the 
substrate 10 la^ — as to overlap each other, and the metal 
reflection film 12 is laminated on the surface. 

It is preferable that the depth of the above-mentioned 
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concave faces 12A is formed randomly in the range from 0.1 
iim to 3 |am, the pitch between adjacent concave faces 12A 
is disposed randomly in the range from 5 \im to 50 \xm, and 
the inclination of the inner surface of the above-mentioned 
concave faces 12A is set in the range from -30 degrees to 
3 0 degrees . 

Particularly setting of the inclination distribution 
of the inner face of the concave faces 12A in the range from 
-30 degrees to 30 degrees and the random disposition of the 
pitch of the adjacent concave faces 12A in all directions 
in a plane are important. The reason is that, if the pitch 
of the adjacent concave faces 12A is regular, the reflected 
light is colored due to interference color of the light. 
Furthermore, if the inclination distribution of the inner 
face of the concave faces 12A deviates from the range from 
-30 degrees to 30 degrees, the diffusion angle of the 
reflected light is too wide and results in reduced reflection 
intensity and bright display cannot be obtained (the 
diffusion angle of the reflected light is equal to or larger 
than 60 degrees to result in reduced reflection intensity 
peak in the liquid crystal display apparatus and result in 
large total reflection loss) . 

Furthermore, if the depth of the concave faces 12A 
exceeds 3 [im, the peaks e#-t^b€-eefi^v=e«-cannot be buried with 
the flattening film (overcoat film 14 ) when the concave faces 
12A are flattened in the subsequent process s tep-r— aii^_^ 
As a result, the desired flatness cannot be obtained and 
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tfee-a.depth that exceeds 3 jim causes the display co be irregular 
di 3play . 

If the pitch of the adjacent concave faces 12A is 
less than 5 {J,m, the fabrication work for making a transfer 
die that is used for forming the convex/concave ■fee-ee-4-OAface 
1 OA of the first substrate 10 is limited, and the working 

time g-feet rird b e -l-ef ^g -i ncreases . Furthermore , the shape for 

obtaining desired reflection characteristic cannot be 
formed and — interferential light is caused. 
^^d-y^ire-s^ffte-^In addition, in the -e o,30 tha ^ag a diamond indenter 
having a diameter of 3 0 [im to 10 0 [im that is uoablc used 
to fabricate the transfer die-is-«^-ed:, it is preferable that 
the pitch is in the range from 5 ^im to 50 ^im between the 
adjacent concave faces 12A. 

In the case of the liquid crystal display apparatus 
1 of the present invention, because the metal reflection 
film 12 formed on the convex/concave -f aee-3 lOAf ace IDA of 
the first substrate 10 is shaped in a_convex/concave fashion 

S43.b 3 1 r afc -e-l-Q- , the incident light is reflected and scattered 
efficiently, and ^h^a display having a bright reflection 
di-spi-ary— and wide angle of visibility are realized. These 
advantages of the present invention are due to the control 
of the depth and pitch of the concave faces 12A shown in 
FIG. 2 in the range as described hereinabove and due to the 
spherical surface of the inner face of the concave faces 
12A. 
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In detail, the depth and pitch of the concave faces 
12A are formed under control, the inclination of the inner 
surface of the concave faces 12A that controls the light 
reflection angle is controlled in a certain range. As the 
result, the reflection efficiency of the metal reflection 
film 12 can be controlled within a certain range. 
Furthermore, because the inner surface of the concave faces 
12A is symmetrically spherical in all the directions, the 
above-mentioned reflection efficiency can be obtained for 
all the directions of the metal reflection film 12. To sum 
up, the bright display can be seen from all the directions. 

The convex/concave #a-ee3— 3r&Af ace lOA of the first 
substrate 10 is formed by hot-pressing a resin material sheet 
to shape it in the form of the first substrate 10 by use 
of a transfer die . The above-mentioned transfer die is made 
by tneriffl-a of a im^hod which a diamond indenter irs-pressed 
on the surface of flat base material #e-5EM^*^ar»s#e-a?~^ie"Such 
as stainless steel, and the configuration of the 
convex/ concave f-aree-g-^rO Af ace lOA shown in FIG. 2 is formed 
by use of an inversely convex/concave die. 

The process conditions applied in the hot-pressing 
process such as temperature, pressure, and time may be 
selected suitably depending on the type of material and the 
size of the substrate 10. For example, the process 
temperature is preferably a temperature 10 ° Cto20° Glower 
than the heat-resisting temperature of the material of the 
first substrate 10. More in detail, in the case that, for 
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example, polyallylate resin sheet having a thickness of 0 . 3 
mm is used for the substrate 10, the process condition for 
forming the convex/concave f-€bee-9--±-^Af ace lOA includes a 
process temperature of 170 ° C to 180 ° C, pressure of 100 
to 200 kg/cm^, and -t-he-process time of 1 to 3 minutes . Mote 
however that -r-4yi±fe- these process conditions are merely one 
example, the process conditions -jrg-are by no means limited 
to the above-mentioned conditions. 

The convex/concave -a-e^e— jr-9A face IDA formed by 
hot-pressing is preferably formed on the fH=^ent ire face 
of the substrate 10 excepting the periphery of the substrate 
10 . The structure as described hereinabove has flat surface 
on the periphery of the substrate 10, and the overcoat film 
14 can be fit on the substrate 10 firmly. As the result, 
the overcoat film 14 will not be separated from the substrate 
10, and it is possible that the liquid crystal display 
apparatus 1 of the present invention retains high reliability 
for a ir€m€f — number of years in fefee— a high temperature and 
high humidity environment (for example, a temperature equal 
to or higher than 60 ° C and a humidity equal to or higher 
than 90 %) . 

Furthermore, because a___hot -press ing method is used 
as a method for forming the convex/concave #aree-3— -1-eAf ace 
lOA, a large «-i-2^3— substrate jrg — may be hot -press ed_^7 — a-nd 
trhre -This la rge hot-pressed substrate jr ^may then be divided 
into substrates 10 having a desired size. Therefore, a 
plurality of substrates 10 on which the convex/concave -fa ces - 
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4-Q Aface IQA are formed can be obtained in one operation 
efficiently . 

As described hereinbefore in detail, according to 
the liquid crystal display apparatus of the present invention, 
the convex/concave configuration (febe — a configuration 
h aving ■ t -fee —in which continuous concave faces each have an 
inner surface that is a part of the spherical sur f ace—e-i- 
■e o nt im±&t i3 ma-fty-- e oncav^e-s-) is formed directly on the surface 
of the liquid crystal layer side of the substrate of the 
liquid crystal display apparatus having fehe a flexible 
substrate. As the result, the configuration of the liquid 
crystal display apparatus is made simpler than that of the 
conventional liquid crystal display apparatus and the 
manufacturing cost is reduced. 

Next , 4rR. the ca rs e that' a reflection type liquid crystal 
display apparatus provided with a metal reflection film 
formed on the surface of the above-mentioned substrate where 
the convex/concave face is formed ± 3 f a b .le^rert-fe-e^a-; — fej^re— has 
an improved light reflectance i s improved— due to the 
above-mentioned surface configuration. As the result, a 
reflection type liquid crystal display apparatus having the 
a bright and easily viewable display and wide angle of 
visibility is realized. 

In the case that a semi -transmission/reflection type 
liquid crystal display apparatus provided with a backlight 
for transmission display on the outside of the substrate 
having a metal reflection film with a film thickness of 80 
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A to 300 A is fabricated, tfe^a^bright reflection display 
is obtained due to the surface configuration of the 
above-mentioned substrate in the reflection mode in which 
the solar light or illumination is used as the light source 
for displaying an image. On the other hand, in the case 
of the transmission mode in which the light from a backlight 
is used as the light source for displaying an image, fefee 
a_bright display is obtained due to the high transmi tt ance 
of the metal reflection film. As the result, in both 
operation modes, a semi-transmission/reflection type 
liquid crystal display apparatus that displays a bright and 
easily viewable image is provided. 

Furthermore, in the case that the film thickness of 
the metal reflection film of the above-mentioned 
semi-transmission/reflection type liquid crystal display 
apparatus is in the range from 80 A to 100 A, a 
semi-transmission/reflection type liquid crystal display 
apparatus that gives very bright display in the transmission 
mode is provided. 

Particularly, because the inner surface of the concave 
fac^s formed on the above-mentioned substrate surface is 
a part of spherical surface, the light supplied from a 
backlight is enhanced by the lens effect, and the 
semi-transmission/reflection type liquid crystal display 
apparatus girve^ provides a bright transmission display-the 
me^. Furthermore, it is possible to employ a backlight 
of a lower light intensity because of the above reason, a 
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low power consumption liquid crystal display apparatus is 
realized . 

Next, according to the liquid crystal display 
apparatus of the present invention, because a color filter 
is formed immediately on the metal reflection film, the 
parallax and the color deviation are reduced and the high 
quality display is realized. 

Next, according to the liquid crystal display 
apparatus of the present invention, in the case that a colored 
substrate having the surface on which the convex/concave 
configuration is formed is used, the color of the substrate 
is used as the display color, and it is possible to give 
t4x«— a d i s p 1 ay of higher color purity bir g -hcr than that of 
■te4^ie-a display obtained by means of orientation control of 
the liquid crystal molecule. 

Next, according to the liquid crystal display 
apparatus of the present invention, in the case that the 
above-mentioned substrate is formed of resin such as 
polyallylate base resin, polycarbonate base resin, 
polyethersulphone base resin, or polyethylene 
terephthalate base resin, the substrate is rendered highly 
light transmissive and highly heat resistive . As the result , 
the layers can be formed on the substrate at a high temperature . 
A high quality liquid crystal display apparatus is provided 
thereby . 

According to the present invention, in both cases 
that a semi -transmission/reflect ion type or a reflection 
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type liquid crystal apparatus is fabricated, a liquid crystal 
display apparatus that gives a_„bright display and wide angle 
of visibility is provided. 

Furthermore, according to the present invent ion, the 
configuration is simplified to bring about reduced 
manufacturing cost of the liquid crystal display apparatus . 
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what Is Claimed Is: 

1. A liquid crystal display apparatus comprising a 
pair of substrates disposed a s — to face each other with 
interposition of a liquid crystal layer, at least one of 
the substrates irg -being a flexible substrate, wherein marRy^ 
a plurality of concave faces having fefee- a spherical inner 

surface ^ A■■ate is —ar-p^xt o f t h e ephcricarl s urfa ree-are formed 

continuously on trfee-a_surf ace ofat least one of the substrates , 

the substrate surface €H±te— ^ the pa-ar-r of a urte^t rat e s— fe-fea^ 

irs— facing to the liquid crystal layer— 3 ide . 

2. The liquid crystal display apparatus according 
to claim 1 , wherein trhre-a__depth of a -the concave faces ranges 
from 0.1 |am to 3 )_im, fehre -an inclination distribution of the 
inner surface of a- the concave faces ranges from -30 degrees 
to +3 0 degrees, and the a pitch between adjacent concave 
face s ranges from 5 [am to 50 p,m . 

3 . The liquid crystal display apparatus according 
to claim 1, wherein a metal reflection film is formed on 
the substrate surface €mHw4yreferma^3^;'He on cave^4^ fe h^^rftae^ 



4. The liquid crystal display apparatus according 
to claim 3 , wherein the— a_f ilm thickness of the metal 
reflection film ranges from 80 A to 300 A. 

5. The liquid crystal display apparatus according 
to claim 3, wherein th^a___filra thickness of the metal 
reflection film ranges from 80 A to 100 A. 
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6. The liquid crystal display apparatus according 
to claim 3, wherein a color filter is formed directly on 
the metal reflection film. 

7. The liquid crystal display apparatus according 
to claim 1, wherein the substrate surface o n yjh i c h ^ — -m a- ny " 

eeaear^v^ ' havi'Sg-^fehe iriD-er & tH5#a:ee that 3rg— ^^art e -^^^-fefe^ 

Gphcr i cal — &id-*=-§-&<?i5 — a-ts^ — f o r mc d c on-fe4 r&ta.'-0'ci " a ^ry--i s colored . 

8. The liquid crystal display apparatus according 
to claim 1, wherein the flexible substrate cona" i " e ' fe -s— 
e^co mprises one of a polyallylate base, polycarbonate base, 
polyethersulphone base, e^and polyethylene t erephthalate 
base resin. 
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ABSTRACT OF THE DISCLOSURE 

The invention provides a liquid crystal display 
apparatus having a flexible substrate that realizes the 
bright and high quality display. A liquid crystal display 
apparatus 1 in i thi ^has a liquid crystal layer 30 ig — 
interposed between a pair of flexible substrates 10 and 2 0 
that a^ee-feee ^f ace each other , and merBy -a plurality of concave 
faces having feh ^a spherical inner surface that is a part 
of the ophorical — surface are formed continuously on the 
surface of the substrate i^that irg-feeira^-fe ^f aces the liquid 
crystal layer 3-0— side-is— -ewi^i-eyed:. 
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